Although a number of studies have indicated that the positive expression of nucleophosmin (NPM) and trefoil factor 3 (TFF3) is associated with oncogenesis and poor prognosis in several tumor types, the prognostic value of the co-expression of NPM and TFF3 in gastric cancer (GC) has not been fully elucidated. Therefore, in this study, we aimed to investigate the role of NPM and TFF3 in GC and determine their prognostic value. We retrospectively reviewed 108 patients who had undergone radical gastric tumor resection. The expression of NPM and TFF3 was detected by immunohistochemistry and the association of NPM and TFF3 with clinicopathological characteristics was investigated using the Chi-square test. Furthermore, univariate and multivariate analyses were conducted to determine the prognostic value of these markers. Of the 108 samples, NPM was positive in 57 (53%) and TFF3 was positive in 54 samples (50%). The positive expression of NPM was correlated with advanced tumor stage and recurrence (P=0.0333 and P<0.0001, respectively), whereas the expression of TFF3 was associated with larger tumor size (P=0.0005), poor differentiation (P=0.0435), lymph node metastasis (P=0.0116), advanced tumor stage (P=0.0244) and recurrence (P=0.0116). The univariate analysis revealed that the expression of NPM, the expression of TFF3 and the co-expression of the two were associated with poor survival (P=0.0004, 0.0028 and 0.0020, respectively). By multivariate analysis, all three factors were identified as independent prognostic factors in postoperative GC patients (hazard ratio = 1.970, 2.021 and 2.339, respectively). In conclusion, the expression of NPM and TFF3 and, particularly, the co-expression of the two, may serve as independent prognostic factors in postoperative GC patients.
Introduction
Gastric cancer (GC) is the third most common malignancy and the second leading cause of cancer-related mortality worldwide, particularly in East Asian countries. In China, the majority of the GC patients are diagnosed at an advanced stage and, despite the advances in chemotherapy and surgical techniques, the 5-year overall survival rate of patients with advanced-stage GC is <20% (1) (2) . In GC cases, physicians are faced with the following challenges: lack of markers for early diagnosis, weak prognostic significance of histological indicators, limited efficiency of current treatment for advanced GC and lack of molecular markers for targeted therapy (3) (4) (5) . Therefore, it is of great clinical significance to achieve a better understanding of gastric carcinogenesis and to identify novel markers for the improvement of clinical management of patients with GC.
Nucleophosmin (NPM), also referred to as protein B23, numatrin and NO38, is a nucleolar phosphoprotein (6) . As a multifunctional protein, NPM participates in ribosome biosynthesis and centrosome duplication and also acts as a molecular chaperone, promoting cell proliferation and regulating apoptosis via the nuclear factor (NF)-κB pathway (7) (8) . Positive expression of NPM has been identified in several tumor types, including colorectal adenoma (9) , hepatocellular carcinoma (10) , prostate cancer (11) , bladder cancer (12) , ovarian cancer (13) and bronchial tumors (14) . As regards GC, Tanaka et al (15) reported that advanced GC appears to exhibit higher NPM mRNA levels. However, the protein expression and prognostic value of NPM in GC has not been extensively investigated.
Trefoil factor 3 (TFF3), also referred to as intestinal trefoil factor, is a member of the trefoil peptide family. TFF3 is mainly secreted by goblet cells in the small and large intestine. There is almost no TFF3 expression in normal gastric mucosa. However, TFF3 expression may be detected in cases with intestinalization or GC (16) (17) . It was previously demonstrated that TFF3 may inhibit cell adhesion and promote cell invasion by downregulating E-adhesin expression (18) , as well as blocking apoptosis through the NF-κB signaling pathway (19) . Previous studies also reported that the positive expression of TFF3 was correlated with a poor prognosis (20) (21) .
Based on the abovementioned knowledge, we hypothesized that NPM and TFF3 played a key role in carcinogenesis. It was recently demonstrated that there is a close association of human epidermal growth factor receptor 2 with NPM and TFF3 expression and that their co-expression may play a pivotal role in GC (22) (23) . Furthermore, there is evidence demonstrating that NPM and TFF3 are involved in the regulation of apoptosis via the NF-κB signaling pathway, prompting us to determine the significance of their co-expression in GC. Therefore, in the present study, we investigated the expression of NPM and TFF3 in GC tissues and analyzed their correlation with clinicopathological variables and prognosis.
Patients and methods
Patients and samples. GC and adjacent tissues were obtained from patients who underwent radical gastrectomy at the Affiliated Hospital of Qingdao University Medical College between November, 2007 and March, 2009. All the patients met the following criteria: i) All the tumors had been histologically confirmed as adenocarcinomas; ii) no patients had received preoperative chemotherapy or radiotherapy; and iii) all the patients were available for follow-up. Finally, 108 patients were enrolled in this study. Clinicopathological information, including gender, age (<60 vs. ≥60 years), tumor size (≤4 vs. >4 cm), tumor differentiation (high, moderate or poor), lymph node metastasis, tumor stage and primary vs. recurrent tumor, were obtained from the patients' medical records and are summarized in Table I . The tumor-node-metastasis (TNM) stage was assessed according to the 7th edition of the TNM Classification of Malignant Tumors (24) . Stages Ⅰ and II were classified as early, whereas stages III and Ⅳ were classified as advanced. The median duration of follow-up was 31 months (range, 3-53 months). For patients who remained alive until the cut-off date of follow-up, survival duration was recorded as 53 + months.
The study protocol was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University Medical College and informed consent was obtained from all the patients prior to enrolment.
Immunohistochemistry. Paraffin-embedded tissue blocks were cut in 4-µm sections. Following dewaxing and rehydration, the slides were incubated in peroxidase-blocking solution to block endogenous peroxidase activity. For antigen retrieval, all the sections were incubated in citrate buffer solution (pH 6.0) in a microwave oven for 20 min. Subsequently, the specimens were incubated at 37˚C for 90 min in anti-NPM mouse monoclonal antibody (dilution, 1:100; Abcam, Cambridge, MA, USA) or in TFF3 monoclonal mouse antibody (dilution, 1:100; Abcam). The sections were then incubated with reagent 1 and 2 of the PV9005 mouse hypersensitivity two-step immunohistochemical kit (Beijing fir Jinqiao, Beijing, China) for a total duration of 60 min at 37˚C in a humid chamber. Finally, the staining was visualized with diaminobenzidine. The slides were counterstained with hematoxylin, washed in tap water for 10 min and then mounted. Between each pair of steps, the sections were rinsed with phosphate-buffered saline (PBS). A negative control reaction was set with PBS replacing the anti-NPM or anti-TFF antibody, while known positive-stained sections were used as positive control.
Scoring of immunostaining. Each slide was scored by two experienced pathologists who were blinded to the clinical outcome. Immunohistochemical staining was assessed semiquantitatively by measuring the extent of staining (0, 0%; 1, 0-10%; 2, 10-50%; and 3, 50-100%) as well as the intensity of staining (0, no staining; 1, yellow; 2, brown-to-yellow; and 3, brown staining). The weighted score for each case according to the intensity and extent of staining were multiplied [0, negative (-); 1-4, weakly positive (+); 5-8, moderately positive (++); and 9-12, strongly positive (+++)]. The weighted scores of 0-4 were considered as negative and 5-12 as positive.
Statistical analysis. The Chi-square test was used to analyze the association between the expression of NPM and TFF3 and clinicopathological characteristics. Survival curves were plotted with the Kaplan-Meier method. The significance of the difference between groups was assessed with the log-rank test. Multivariate analyses (Cox proportional hazard regression models) were performed to assess the prognostic value of NPM and TFF3. The clinical variables included gender, age, tumor size, differentiation, lymph node metastasis and stage. SAS 9.2 software (SAS Institute, Inc., Cary, NC, USA) was used for statistical analysis. P≤0.05 was considered to indicate a statistically significant difference.
Results
NPM and TFF3 immunohistochemical staining. NPM was mainly expressed in the nucleoli, nuclei and cytoplasm of tumor epithelial cells ( Fig. 1A and B ) and TFF3 was mainly expressed in the cytoplasm (Fig. 1C and D) . Of the 108 specimens, the positive expression rates of NPM in neoplastic tissue and adjacent gastric mucosa were 53 and 37% (P<0.05), respectively. Of the 57 NPM-positive neoplastic tissue specimens, 25 were TFF3-positive and 32 TFF3-negative. Of the 54 TFF3-positive neoplastic tissue specimens (50%), 25 were NPM-positive and 29 NPM-negative (Table II) . No moderate or strong positive expression was identified in the adjacent gastric mucosa. By correlation analysis, no significant association was found between the expression of NPM and TFF3 (r=0.11119, P=0.2520).
Correlation between NPM, TFF3 and clinicopathological characteristics. We analyzed the associations between NPM and TFF3 expression and clinical characteristics (Table I) and demonstrated that NPM-positive expression was correlated with advanced tumor stage (P=0.0333). Of the 80 cases with primary tumor, 33 exhibited positive staining for NPM, whereas of the 28 cases with recurrence, 24 exhibited positive staining for NPM, suggesting that NPM was associated with recurrence (P<0.0001). There was no statistically significant association between NPM expression and age (P=0.5020), gender (P=0.1891), tumor size (P=0.4343) or differentiation (P=0.5652).
As regards TFF3, there were significant correlations between TFF3-positive expression and advanced age (P=0.0195), larger tumor size (P=0.0005) and poor differentiation (P=0.0435), whereas, by further pairwise comparison, a significant difference was found between moderate and poor differentiation (P=0.0312, data not shown), lymph node metastasis (P=0.0116), advanced tumor stage (P=0.0244) and recurrence (P=0.0116). There was no significant association between TTF3 and gender (P=0.3993).
The co-expression of NPM and TFF3 was associated with large tumor size (P=0.0002), lymph node metastasis (P=0.0156), advanced tumor stage (P=0.0320) and recurrence (P<0.0001). There was no significant association between the co-expression of these two factors and other clinicopathological parameters.
Prognostic significance of NPM and TFF3. To assess the prognostic significance of NPM and TFF3, Kaplan-Meier survival curves were constructed. A statistically significant correlation was observed between NPM-positive expression and poor survival (P=0.0004, log-rank test, Fig. 2A ). TFF3-positive expression was associated with a poor survival rate compared to TFF3-negative expression (P=0.0028, log-rank test, Fig. 2B ). Patients with co-expression of NPM and TFF3 exhibited lower survival rates compared to patients without co-expression of the two factors (P=0.0020, log-rank test, Fig. 2C ).
We also divided the samples into 4 subgroups based on the different expressions of NPM and TFF3. NPM-negative and TFF3-negative was designated as group 1; NPM-negative and TFF3-positive was designated as group 2; NPM-positive and TFF3-negative was designated as group 3; and NPM-positive and TFF3-positive was designated as group 4. The survival Table II . Expression of NPM and TFF3. curves indicated that patients with co-expression of NPM and TFF3 exhibited the lowest survival rate when compared to the other 3 groups (Fig. 2D) . Correspondingly, patients with negative expression for both markers exhibited the highest survival rate, while patients expressing either NPM or TFF3 exhibited intermediate survival rates (Fig. 2D) . The detailed survival data of the 4 subgroups are described in Table III . The univariate analysis revealed that NPM-positive expression, TFF3-positive expression, co-expression of NPM and TFF3, age, tumor stage and lymph node metastasis were (Table IV) .
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Discussion
Focusing on different molecular markers may help us understand the histopathological characteristics of GC by detecting the expression of different and specific genes in GC tissues. In our study, we demonstrated that NPM overexpression was an independent prognostic factor in postoperative GC patients.
In particular, we demonstrated that the co-expression of NPM and TFF3 was associated with a more aggressive biological behavior and poor prognosis in GC patients. NPM, the focus of several recent cancer studies, plays a critical role in the development and progression of malignant tumors. Although evidence demonstrates that NPM expression is correlated with unfavorable clinical characteristics and poor prognosis in several types of solid tumors, the precise role of NPM in GC has not been clearly determined. In the present study, we observed that the positive expression of NPM was mainly localized to the nucleus and cytoplasm in GC cells, consistent with a previous study reporting that NPM shuttled between the nucleus and cytoplasm in other tumor types (6) . It was previously demonstrated that a higher NPM mRNA expression was detected in gastric tumors (12) . In this study, we detected NPM expression at the protein level and found that a positive expression of NPM was inversely correlated with prognosis in patients who underwent radical gastric resection. Moreover, in the present study, we observed that NPM was associated with lymph node metastasis and tumor recurrence, which was consistent with previous findings that reported NPM overexpression in 73% of GC patients with disease recurrence (25) . Therefore, downregulating the level of NPM expression in GC may decrease the recurrence rate. Interestingly, we did not observe any significant differences in NPM expression between well-differentiated and poorly differentiated tumors, while Tsui et al (26) reported that NPM was also associated with differentiation in bladder tumors. This discordance may due to the different histological type (the GC type was adenocarcinoma, whereas the bladder carcinoma was of the transitional cell type). Based on this difference, it is reasonable to hypothesize that NPM may have different functions in different histological tumor types. However, as the number of studies focusing on NPM in gastric tumors is limited, the mechanism of NPM in gastric tumorigenesis has not been clearly determined and further studies are required to elucidate it. 
Median
Survival time Survival rate survival time interval As regards TFF3, we observed that the positive expression of TTF3 was associated with tumor size, differentiation, lymph node metastasis and tumor stage (Table I ), suggesting that TFF3 may play an important role in the development, progression and dissemination of GC. Recently, Meng et al (27) demonstrated that the positive expression of TFF3 was significantly associated with a lower survival rate in GC compared to negative expression; however, in that study, a multivariate analysis was not performed. In the present study, by multivariate analysis, we confirmed that the positive expression of TFF3 was an independent prognostic indicator, consistent with the findings of previous studies (20, 21) . However, Dhar et al (28) reported that TFF3 expression was prognostically significant only in female patients, but not in the overall patient population. In our study, we conducted an additional survival analysis separately for female, male and overall patients and demonstrated that TFF3 was of prognostic significance in all three groups (data not shown), although a larger sample size is required for validation.
Univariate analysis Cox regression survival analysis
We also demonstrated that the co-expression of NPM and TFF3 predicted the poorest prognosis ( Fig. 2D ). Recent studies also demonstrated that both NPM and TFF3 are involved in the regulation of apoptosis via the NF-κB pathway (7, 8, 19) . Tobita et al (29) reported that E2F1, which is implicated in hepatocarcinogenesis, may increase the expression of TFF3 by upregulating DNA-binding protein A, which is associated with advanced stages of human hepatocellular carcinoma. In addition, the activation of E2F1 is regulated by NPM̸B23 via modulating the promoter binding of NF-κB (8) . These findings, taken together with ours, suggest that NPM and TFF3 may be involved in the occurrence or development of GC, possibly through interacting with each other in the NF-κB pathway. Therefore, the co-detection of NPM and TFF3 may serve as a more predictive index for GC patients. However, whether NPM and TFF3 act independently or cooperatively to increase the malignant potential of GC requires further investigation. In the present study, the correlation analysis identified no significant correlation between the protein level of NPM and TFF3 (r=0.11119, P=0.2520, Table II ). In the future, further studies on NPM and TFF3, possibly at the nucleic acid level, should be conducted to elucidate whether there is an interaction, as well as the type of that interaction between these two factors in GC.
In conclusion, the present study provided direct evidence that NPM is an independent prognostic factor in postoperative GC patients. We also confirmed that TFF3 expression is associated with poor prognosis. Of note, the co-expression of NPM and TFF3 proved to be an independent prognostic factor in postoperative GC patients. The combined detection of the co-expression of the two factors may serve as a more predictive index of GC patient prognosis. However, the molecular mechanism underlying the association of NPM and TFF3 requires elucidation by further studies.
